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(54) HEAT-TREATING METHOD AND RADIANT HEATING DEVICE 

(57) There is provided a heat-treating method and a 
radiant heating device by which an object to be heat- 
treated can be heat-treated at an actually desired tern- ^ 
perature regardless o1 the dopant concentration or 
resistivity of the object at the time of heat-treating the 
object with a radiant heating device using a radiation 
thermometer as a temperature detector. In the method, 
the object is heat-treated at an actually desired temper- 
ature by correcting the temperature of the object in 
accordance with the dopant concentration or resistivity 
of the object. In the apparatus, the dopant concentration 
or resistivity of the object is inputted in advance to a 
temperature controller and the controller calculates an 
actual temperature of the object by correcting and com- 
puting the temperature of the object detected with the 
radiation thermometer in accordance with the dopant 
concentration or resistivity of the object and controls the 
temperature of the object based on the calculated tem- 
perature value. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a heat-treating 
method and a radiant heating device by which an object 
to be heat-treated can be heat-treated at an actually 
desired temperature at the time of heat-treating the 
object with a radiant heating device, particularly, at the 
time of performing varbus kinds of heat treatments, 
growing a CVD film, performing epitaxial growth, or per- 
forming like processes on a semiconductor silicon sin- 
gle-crystal substrate having a low resistivity. 

BACKGROUND ART 

[0002] Semiconductor devices are manufactured by 
performing various kinds of heat treatments on. for 
example, silicon single-crystal substrates, compound 
semiconductor single-crystal substrates, or like sub- 
strates which serve as objects to be heat-treated. In 
order to subject these objects to various kinds of heat 
treatments. CVD film growth, epitaxial growth, or like 
processes, a radiant heating device is often used. 
[0003] FIG. 1 shows a schematic configuration of a 
conventionally used radiant heating device. A radiant 
heating device 1 is constituted such that a reaction ves- 
sel 8 formed of. for example, transparent quartz accom- 
modates an object 2 to be heat-treated, such as a 
semiconductor substrate or the like, and the object 2 is 
heated through irradiation with energy emitted in the 
form of radiant light from a radiant heating unit 3 dis- 
posed outside the reaction vessel 8. The radiant heating 
unit is composed of. for example, radiant heating lamps 
9. such as halogen lamps, infrared lamps, or like lamps, 
and mirrors 10 for enhancing directivity of radiant light. 
[0004] In order to detect the temperature of the object, 
a thermocouple or a radiation thermometer is used. 
Since use of the radiation thermometer enables temper- 
ature measurement from outside the reaction vessel, 
the radiation thermometer is convenient The radiation 
thermometer is composed of a detector 5 and a tennper- 
ature converter 6. The detector 5 detects radiant light 
emitted from the object and sends the intensity of the 
detected radiant light to the temperature converter 6. 
which converts the received intensity to temperature. 
The thus-obtained temperature (in actuality, a voltage or 
current value corresponding to the temperature) is out- 
putted to a temperature controller 7. Power fed to the 
radiant heating lamps 9 is regulated such that the tem- 
perature detected with the radiation thermometer 
becomes equal to a previously inputted set temperature 
(a temperature previously set and inputted to the tem- 
perature controller), thereby maintaining the object 2 at 
a desired temperature. 

[0005] According to an example method for heat-treat- 
ing the object through use of the thus-constituted radi- 
ant heating device, while a reactive gas 4 consisting of 
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a carrier gas and a reactive material is made to flow on 
the front surface side of a semiconductor substrate 2, 
the semiconductor substrate 2 is heated to a desired 
temperature; for example, 800-1200**C, with the radiant 
5 heating unit 3. Through chemical reaction of the reac- 
tive gas 4. a desired thin film can be grown on the sur- 
face of the substrate 2. 

[0006] In this case, needless to say, if the temperature 
of the object to be heat-treated is not actually a desired 

10 temperature, various desired quality characteristics of 
the produced thin film, such as thickness, electrical 
characteristics, crystalline properties, etc., will fail to be 
attained. Also, the properties of the object affect an 
actually reached temperature of the object, causing the 

15 reached temperature to deviate from a set temperature. 
Such a temperature deviation comes out in the form of 
variations in quality characteristics of the produced thin 
film. This problem is not limited to the above-mentioned 
growth of a thin film, but is commonly involved in heat 

20 treatment of the object. 

[0007] Accordingly, when an object is to be heat- 
treated, agreement between a desired temperature of 
the object and an actual temperature of the object is 
important. Particularly, due care must be taken when, in 

25 the above-mentioned radiant heating device, as in the 
case of using a radiation thermometer, the temperature 
of the object is indirectly measured from outside the 
reaction vessel instead of the temperature of the object 
being directly measured. 

30 [0008] In a conventional heat-treating method using a 
radiant heating device as represented by the one of 
FIG. 1, a set temperature for an object to be heat- 
treated is programmed through input of a desired value 
to the control circuit of a temperature controller. How- 

35 ever, properties of the object, particularly, such a factor 
as the resistivity or dopant concentration of the object, 
has not been taken into consideration, In view that such 
factors are considered to be unrelated to an reached 
temperature of the object. Accordingly, a set tempera- 

40 ture for the object has been determined irrespective of 
the resistivity or dopant concentration of the object, and 
the object has been believed to be heat-treated at the 
set temperature. 

[0009] In the production of silicon semiconductor sin- 
45 gle-crystal thin films by epitaxial growth for microproces- 
sor use. silicon semiconductor single-crystal substrates 
of p-type having a very low resistivity (not higher than 
0.01 a -cm) have been preferred in recent years. 
According to recent findings, even when single-crystal 
50 thin films are produced under the same conditions, 
characteristics differ between a single-crystal thin film 
produced on a substrate having a conventionally 
employed resistivity (0.01 a*cm to 10 n*cm) and a 
single-crystal thin film produced on a substrate having 
55 the above-mentioned very low resistivity. 

[0010] That is, the following has been found. The 
resistivity or dopant concentration of a substrate serving 
as an object to be heat-treated influences the conditions 
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of heat treatment like as epitaxial growth. Specifically, 
the resistivity or dopant concentration of the object 
causes a change in the radiation coefficient of the 
object, resulting in disagreement between a measured 
value obtained through a radiation thermometer and an 5 
actual temperature of the object. 
[001 1 ] The present invention has been accomplished 
in view of the above-mentioned problems, and an object 
of the invention is to provide a heat-treating method and 
a radiant heating device by which an object to be heat- 10 
treated can be heat-treated after the object Is heated to 
an actually desired temperature regardless of the 
dopant concentration or resistivity of the object at the 
time of heat-treating the object with a radiant heating 
device using a radiation thermometer as a temperature is 
detector. 

DISCLOSURE OF THE INVENTION 

[0012] To solve the above-mentioned problems, the 20 
inventors of the present invention employ a method of 
regulating heat treatment conditions or measurement 
data JjT) .acc^itdjiiac^e^ith ^PiPl cp^acentr^^n or 
resistivity of an object to be heat-treated at the time of 
heat-treating the object with a radiant heating device. 25 
The invention described in Claim 1 is directed to a heat- 
treating method by which an object to be heat-treated is 
heat-treated with a radiant heating device using a radia- 
tion thermometer as a temperature detector, character- 
ized in that the object is heat-treated at an actually 30 
desired temperature by correcting the temperature of 
the object in accordance with the dopant concentration 
or resistivity of the object 

[0013] Through correction of the temperature of the 
object in accordance with the dopant concentration or 35 
resistivity of the object which has not been convention- 
ally considered a condition of heat treatment the object 
can be heat-treated at the actually desired temperature. 
As a result, a produced thin film or the like attains 
desired quality characteristics. 40 
[0014] The invention described In Claim 2 relates to 
the heat-treating method as described in Claim 1 and is 
characterized in that the above-mentioned temperature 
correction is performed by modifying a set value of tem- 
perature to which the object is reached in accordance 4S 
with the difference between an actual temperature of 
the object and a measured value obtained through the 
radiation thermometer, the difference being determined 
in advance for the dopant concentration or resistivity of 
the object. Further, the invention described in Claim 3 so 
relates to a heat-treating method as described In Claim 
1 and Is characterized In that the above-mentioned tem- 
perature correction is performed by modifying a meas- 
ured value obtained through the radiation thermometer 
In accordance with the difference between an actual 55 
temperature of the object and the measured value 
obtained through the radiation thermometer, the differ- 
ence being determined In advance for the dopant con- 
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centration or resistivity of the object. 
[0015] Thus, through modification of a set value of 
temperature to be controlled and through temperature 
control for attainment of the modified set value, the tem- 
perature of the object can be controlled to an actually 
desired temperature. Alternatively, through modification 
of a measured value obtained through the radiation 
thermometer to thereby obtain an actual temperature of 
the object, the tenriperature of the object can be control- 
led based on the obtained actual temperature of the 
object. 

[0016] The irrventions desaibed in Claims 4, 5. and 6 
relate to the heat-treating method as desaibed in any 
one of Claims 1 to 3. The Invention described In Claim 4 
is characterized in that the object is a silicon single- 
crystal substrate, whose dopant concentration is not 
lower than 1x10^^ atoms/cm^ and not higher than the 
maximum solubility of the dopant In silicon. The inven- 
tion described In Claim 5 is characterized in that the 
object is a p-type silicon single-crystal substrate, whose 
dopant concentration is not higher than the maximum 
solubility of the dopant in silicon and whose resistivity is 
not, higher tban 3,01 Q* cm. The invejitjon ^lescribed in 
Claim 6 Is characterized in that the heat treatment Is the 
vapor-phase growth of a silicon single-crystal thin film 
on a silicon single-crystal substrate. 
[0017] Thus, the heat-treating method of the present 
Invention is effective in the correction of a change in 
radiation coefficient of a silicon single-crystal substrate 
doped with a dopant at a high concentration at the time 
of heat-treating tiie substrate as an object to be heat- 
treated, which change arises in accordance with the 
dopant concentration or resistivity of the substrate. Par- 
ticularly, when a silicon single-crystal thin film is vapor- 
phase-grown on the silicon single-crystal substrate, the 
thus produced thin film is required to have high quality 
characteristics: thus, tiie substrate to be heat-treated 
must be heated to an actually desired temperature. 
[0018] The inventions described in Claims 7 and 8 
relate to a radiant heating device comprising at least a 
reaction vessel for accommodating an object to be heat- 
treated, a radiant heating lamp for heating the ot)ject. a 
radiation thermometer for detecting the temperature of 
the object, and a temperature controller for regulating 
power fed to the radiant heating lamp such that the tem- 
perature detected with the radiation thermometer 
becomes equal to a previously inputted set tempera- 
ture. 

[0019] The invention described in Claim 7 is charac- 
terized in tiiat the dopant concentration or resistivity of 
the object Is Inputted in advance to the temperature 
controller and the controller calculates an actual tem- 
perature of the object by correcting and computing the 
temperature of the object detected with the above-men- 
tioned radiation thermometer In accordance with the 
dopant concentration or resistivity of the object and con- 
trols the temperature of the object based on the calcu- 
lated temperature value. 
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[0020] The invention described in Claim 8 is charac- 
terized in that the above-mentioned radiation thermom- 
eter is adapted to calculate an actual temperature of the 
object by correcting and computing the temperature of 
the object detected with the radiation thermometer in 
accordance with the dopant concentration or resistivity 
of the object inputted in advance to the radiation ther- 
mometer and to output the calculated temperature 
value to the temperature controller. 
[0021] As mentioned above, when a radiant heating 
device using a radiation thermometer as a temperature 
detector is constituted such that the dopant concentra- 
tion or resistivity of an object to be heat-treated is input- 
ted in advance to a temperature controller or the 
temperature converter of the radiation thermometer and 
the controller or converter performs control by correct- 
ing and computing the detected temperature in accord- 
ance with the dopant concentration or resistivity of the 
object, the object, even when having a low resistance, 
can be heat-treated at an actually desired temperature 
without being affected by the dopant concentration or 
resistivity of the object. 

[0022] That is. the present invention provides a heat- 
treating method and a radiant heating device by which 
an object to be heat-treated can be heat-treated at an 
actually desired temperature regardless of the dopant 
concentration or resistivity of the object at the time of 
heat-treating the object with a radiant heating device 
using a radiation thermometer as a temperature detec- 
tor. 

[0023] Accordingly, even when a substrate having a 
low resistivity is used as an object to be heat-treated, 
the object can always and readily be heat-treated at an 
actually desired temperature without being affected by 
the dopant concentration or resistivity of the object. 
[0024] Thus, with prospective higher integration and 
precision of semiconductor substrates and an associ- 
ated requirement for higher accuracy in heat treatment 
in a semiconductor substrates producing process, the 
heat-treating method and the radiant heating device of 
the present invention are highly useful for subjecting 
semiconductor substrates to various kinds of heat treat- 
ments, CVD film growth, epitaxial film growth, or like 
processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

FIG. 1 is a schematic view showing the configura- 
tion of a radiant heating device; and 
FIG. 2 is a graph showing an example of a calibra- 
tion curve used for correction of temperature in the 
present invention, illustrating resistivity vs. temper- 
ature connection value. 
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BEST EMBODIMENT FOR CARRYING OUT THE 
INVENTION 

[0026] The present invention will next be described in 
5 detail, which should not be construed as limiting the 
invention. 

[0027] The inventors of the present invention studied 
the relation between the resistivity of a substrate serv- 
ing as an object to be heat-treated and radiant light 

10 emitted from the object. As a result, the inventors found 
that a silicon semiconductor single-crystal substrate 
having a low resistivity (not higher than 0.01 a •cm), 
which has been preferred in recent years,, has a larger 
light absorptance (i.e.. a larger radiation coefficient) 

15 than does a silicon semiconductor single-crystal sub- 
strate having a conventionally employed resistivity (0.01 
n-cm to 10 a -cm). This feature revealed that the 
resistivity or dopant concentration of a silicon semicon- 
ductor single-crystal substrate influences a measured 

20 value detected through a radiation thermometer at the 
time of heat treatment, thus revealing that a substrate 
having a low resistivity is heat-treated at a temperature 
different from a set temperature with a resultant varia- 
tion in characteristics of a produced epitaxial thin film or 

25 the like. 

[0028] As mentioned previously, the radiation ther- 
mometer is composed of a detector and a temperature 
converter. The detector detects radiant light emitted 
from the object and sends the intensity of the detected 

30 radiant light to the temperature converter, which con- 
verts the intensity to tenperature. In this conversion to 
tennperature, the emissivity of the object (absorptance) 
is inputted to the temperature converter and the con- 
verter calculates temperature through use of the input- 

35 ted emissivity. The emissivity is normally stored as a 
constant value in the temperature converter. Accord- 
ingly, when the emissivity of a substrate serving as the 
object varies with the dopant concentration or resistivity 
of the substrate, conversion to temperature cannot be 

40 carried out accurately, resulting in disagreement 
between a detected temperature obtained through the 
radiation thermometer and an actual temperature of the 
object. 

[0029] In the process of attempting to solve the prob- 
45 lem. the present inventors reached the inventive con- 
cept that through correction of the temperature of the 
object in accordance with the dopant concentration or 
resistivity of the object, the object is heat-treated at a 
desired temperature in a simple and accurate manner. 
50 thus achieving the present invention. 

[0030] An embodiment of the present invention will 
now be described in detail with reference to FIG. 1 . 
[0031 ] As in the case of a conventional radiant heating 
device, a radiant heating device of the present invention 
55 is constituted such that a reaction vessel 8 formed of. for 
example, transparent quartz accommodates an object 2 
to be heat-treated, such as a semiconductor substrate 
or the like, and the object 2 can be heated through irra- 



4 



BNSDOCID: <EP. 



09101 15A1_1_> 



EP 0 910 115 A1 



8 



diation with energy emitted in the form of radiant light 
from a radiant heating unit 3 disposed outside the reac- 
tion vessel 8. The above-mentioned radiant heating unit 
is composed of. for example, radiant heating lamps 9. 
such as halogen lamps, infrared lamps, or like lamps, 
and mirrors 10 for enhancing directivity of radiant light. 
[0032] In order to detect the temperature of the object, 
a radiation thermometer disposed outside the reaction 
vessel 8 is used. The radiation thermometer is com- 
posed of a detector 5 and a temperature converter 6. 
The detector 5 detects radiant light emitted from the 
object and sends the intensity of the detected radiant 
light to the temperature converter 6. which converts the 
received intensity to temperature. The thus-obtained 
temperature is outputted to a temperature controller 7. 
Power fed to the radiant heating lamps 9 is regulated 
such that the temperature detected with the radiation 
thermometer becomes equal to a set tenrperature previ- 
ously Inputted to the temperature controller 7. thereby 
maintaining the object 2 at a desired temperature. 
[0033] These features are basically similar to those of 
the conventional device. 

[0034] The radiant heating device of the present 
invention is characterized in that a dopant concentration 
or resistivity of the object can be inputted in advance to 
the temperature controller 7 or the temperature con- 
verter 6 of the radiation thermometer so that the tem- 
perature of the object can be controlled by correcting 
and computing a detected temperature of the object in 
accordance with the inputted value. 
[0035] Specifically, according to a first embodiment of 
the device of the present invention, dopant concentra- 
tion or resistivity of the object 2 can be inputted in 
advance to the temperature controller 7. and the con- 
troller 7 calculates an actual temperature of the object 
by correcting and computing the temperature of the 
object 2 On actuality, current or voltage) inputted from 
the radiation thermometer in accordance with the input- 
ted dopant concentration or resistivity of the object 2 
and controls the temperature of the object 2 such that 
the calculated temperature value becomes equal to a 
set temperature. 

[0036] Next, according to a second embodiment of the 
device of the present invention, dopant concentration or 
resistivity of the object 2 can be inputted in advance to 
the temperature converter 6 of the radiation thermome- 
ter, and the converter 6 calculates an actual tempera- 
ture of the object by correcting and computing the 
detected temperature of the object in accordance with 
the inputted dopant concentration or resistivity of the 
object 2 at the time of converting the data inputted from 
the detectors to temperature and outputs the calculated 
temperature value to the temperature controller 7. 
[0037] According to the above-described radiant heat- 
ing device of the present invention using a radiation 
thermometer as a temperature detector, the dopant 
concentration or resistivity of an object to be heat- 
treated can be inputted in advance to the temperature 



controller or the temperature converter of the radiation 
thermometer, and the temperature of tiie object can be 
controlled by conrecting and computing a detected tem- 
perature of the object in accordance with the inputted 

5 dopant concentration or resistivity of the object. Thus, 
even when a substrate having a low resistivity is used 
as the object, the object can always and readily be heat- 
treated at an actually desired temperature without being 
affected by the dopant concentration or resistivity of the 

10 object. 

[0038] Next will be described by way of exannple a 
temperature correction metiiod and a tenrperature cor- 
rection value employed in the device and heat-treating 
method of the present invention for heat-treating an 

15 object at an actually desired temperature regardless of 
the resistivity or dopant concentration of the object. In 
this example, a silicon single-crystal substrate having a 
diameter of 200 mm is used as the object 2. While a 
reactive gas consisting of chlorosilane and hydrogen 

20 serving as carrier gas is Introduced into the radiant 
heating unit 3. the silicon single-crystal substrate Is 
heated to a temperature of about 800*C to 1200^0 in 
the radiant heating unit 3 so as to grow an epitaxial layer 
of a silicon single-crystal thin film on the silicon single- 

25 crystal substrate. 

[0039] First in order to correct the temperature of the 
silicon single-crystal substrate 2 in accordance with the 
dopant concentration or resistivity of the silicon single- 
crystal substrate 2. a calibration curve must be pre- 

30 pared which shows a correction value with respect to 
the dopant concentration or resistivity of the silicon sin- 
gle-crystal substrate 2. 

[0040] The tenperature of the silicon single-crystal 
substrate 2 is corrected in accordance with the tiius- 

35 obtained calibration curve. Accordingly, a correction 
value for the dopant concentration or resistivity of the 
silicon single-crystal substrate 2 is inputted in advance 
to the temperature comroller 7 or the tenperature con- 
verter 6 of the radiation thermometer. Thus, the silicon 

40 Single-crystal substrate 2 can be heat-treated at an 
actually desired temperature by automatically correct- 
ing the temperature of the substrate 2. 
[0041] In this case, as described above, the dopant 
concentration or resistivity of the single-crystal sub- 

45 strate 2 and the calibration curve may be inputted to the 
temperature controller 7 or the temperature converter 6 
of the radiation thermometer so as to automatically cor- 
rect tiie temperature of the substrate 2. Alternatively, a 
set value of tenperature to reach may be corrected in 

50 accordance with the above-mentioned calibration curve 
and the corrected set value may be inputted to tiie tem- 
perature controller. This also yields similar effect. 
[0042] FIG. 2 shows a typical example of a calibration 
curve illustrating resistivity vs. temperature correction 

55 value for the silicon single-crystal substrate 2. 

[0043] The calibration curve shows a temperature cor- 
rection value to be added to a measured value obtained 
through a radiation thermometer with respect to the 
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resistivity of the p-type silicon single-crystal substrate 2. 
The calibration curve was obtained in the following man- 
ner. In the radiant heating device, a thermocouple and a 
radiation thermometer were concurrently used as tem- 
perature detectors. The thermocouple was brought in 
direct contact with the silicon single-crystal substrate 2 
so* as to directly measure the temperature of the sub- 
strate as much as possible. The silicon single-crystal 
substrate 2 was heated to 1150°C, and the calibration 
curve was obtained from the difference between meas- 
ured values obtained through the thermocouple and 
those obtained through the radiation thermometer, 
[0044] As seen from the calibration curve, no correc- 
tion is required over a wide range of resistivity not lower 
than about 0.012 £^«cm. However, correction is 
required at a resistivity not higher than 0.01 Q*cm 
(dopant concentration not lower than 1 x 10^^ 
atoms/cm^); otherwise, a temperature deviation not 
smaller than lO^C occurs in a worse case. 
[0045] Accordingly, when a silicon single-crystal sub- 
strate having a resistivity not higher than 0,01 a* cm 
(dopant concentration not lower than 1 x 10^^ 
atoms/cm^ and not higher than the maximum solubility 
of the dopant in silicon), which has particularly been 
preferred as an object to be heat-treated in recent 
years, is heat-treated for vapor-phase-growing a silicon 
single-crystal thin film to grow an epitaxial layer on the 
substrate with a radiant heating device using a radiation 
thermometer as a temperature detector, the tempera- 
ture of the substrate must be corrected in accordance 
with the calbration curve of FIG. 2. 
[0046] In this case, a question may arise that when an 
epitaxial layer having a resistivity different from that of 
the low-resistivity silicon single-crystal substrate is 
grown on the substrate, measurement accuracy may 
suffer a new enror. It is true that the emissivity of an epi- 
taxial layer grown on the substrate surface is different 
from the emissivity of the substrate. However, since 
radiant light which the radiation thermometer detects Is 
the one emitted from the entire silicon single-crystal 
substrate as an object, the influence of a thin film grown 
on the substrate surface is negligibly small. The influ- 
ence of a grown layer may be considered only when the 
layer is unignorably thick in comparison with the thick- 
ness of a substrate. Even in such a case, since the 
resistivity and growth rate of an epitaxial layer to be 
grown are known, the emissivity of the substrate can be 
taken as a function of time and corrected accordingly. 
Thus, the emissivity data may be inputted to the temper- 
ature controller or the temperature converter of the radi- 
ation thermometer to correctively compute by the 
controller or the converter. 

[0047] The present invention is not limited to the 
above-described embodiment Tlie above-described 
embodiment is a mere example, and those having the 
substantially same structure as that described in the 
appended claims and providing the similar action and 
effects are included in the scope of the present inven- 
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tion. 

[0048] For example, the above embodiment is 
described while the detected temperature of an object 
to be heat-treated is corrected by either of the following 

5 methods: the dopant concentration or resistivity of the 
object and a calibration curve are inputted to the tem- 
perature controller 7 or the temperature converter 6 of 
the radiation thermometer so as to automatically per- 
form temperature correction; and a set value of temper- 

10 ature to reach is corrected in accordance with a 
calibration curve, and the corrected set value is inputted 
into the temperature controller. The present invention is 
not limited thereto. Similar actions and effects are 
yielded through correction of power fed to the radiant 

75 heating tamps, correction of the emissivity of silicon 
inputted to the temperature converter of the radiation 
thermometer, or like corrective processes, 
[0049] Also, the above embodiment is described 
while, as an example, an epitaxial layer is grown on a 

20 silicon single-crystal substrate having a diameter of 200 
mm. However, the present invention is not limited 
thereto. Needless to say, similar actions and effects are 
yiekJed when the present invention is applied to heat 
treatment of large-diameter silicon single-crystal sub- 

25 strates having a diameter not smaller than 300 mm or 
not smaller than 400 mm as well as heat treatment of 
silicon single-crystal substrates having a diameter not 
greater than 150 mm. 

[0050] Further, the above embodiment is described 

30 while, as an example, the calibration curve is prepared 
in order to obtain a temperature correction value to be 
used for temperature correction for the resistivity of a p- 
type (boron dope) silicon single-crystal substrate. How- 
ever, the present invention is not limited thereto. Similar 

35 actions and effects are yielded when a calibration curve 
is prepared in a manner simitar to that of the embodi- 
ment through obtainment of temperature correction val- 
ues to be used for temperature correction for the 
resistivity of an n-type (for example, phosphorus, anti- 

40 mony, or arsenic dope) silicon single-crystal substrate. 
Needless to say, simitar actions and effects are yielded 
when a calibration curve is prepared for the dopant con- 
centration, not the resistivity, of a substrate. 
[0051 ] Also, an object to be heat-treated with the 

45 device of the present invention is not particularly limited, 
in addition to semiconductor silicon and various com- 
pound semiconductors, various kirKis of oxide single- 
aystal and the like may be heat-treated with the device 
of the present invention so long as the device is applica- 

50 ble to such heat treatment. 

[0052] Further, heat treatment to be performed on an 
object to be heat-treated with the device of the present 
invention is not particularly limited. The device of the 
present invention can be used for various kinds of heat 

55 treatments. Examples of such heat treatment include 
epitaxial film growth and CVD film growth as well as 
heat treatment performed in a device process and the 
like, such as so-called annealing, hydrogen heat treat- 
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ment, oxygen heat treatment, nitrogen heat treatment, 
and dopant diffusion. 

[0053] Still further, according to the present embodi- 
ment, the objects 2 are heat-treated one by one, i.e.. so- 
called single-object processing is employed. However, a s 
plurality of objects may be heat-treated at a time. In this 
case, "an object to be heat-treated" appearing in the 
claims of the present application refers to the entire set 
of objets to be heat-treated at a time. The dopant con- 
centration or resistivity values of the objects must be io 
identical to or approximate to each other. 

Claims 

1. A heat-treating method by which an object to be is 
heat-treated is heat-treated with a radiant heating 
device using a radiation thermometer as a temper- 
ature detector, characterized in that said object is 
heat-treated at an actually desired tennperature by 
correcting the temperature of said object in accord- 20 
ance with the dopant concentration or resistivity of 
said object. 

2. A heat-treating method according to Claim 1 . char- 
acterized in that said temperature correction is per- 25 
formed by modifying a set value of temperature to 
which said object is reached in accordance with the 
difference between an actual temperature of said 
object and a measured value obtained through the 
radiation thermometer, the difference being deter- 30 
mined in advance for the dopant concentration or 
resistivity of said object. 

3- A heat-treating method according to Claim 1 , char- 
acterized in that said temperature correction is per- 3S 
formed by modifying a measured value obtained 
through the radiation thermometer in accordance 
with the difference between an actual temperature 
of said object and the measured value obtained 
through the radiation thermometer, the difference 40 
being determined in advance for the dopant con- 
centration or resistivity of said object. 

4. A heat-treating method according to any one of 
Claims 1 to 3, characterized in that said object is a 4S 
silicon single-crystal substrate, whose dopant con- 
centration is not lower than 1 x 10**^ atoms/cm^ arvi 

not higher than the maximum solubility of the 
dopant in silicon. 

so 

5. A heat-treating method according to any one of 
Claims 1 to 3. characterized in that said object is a 
p-type silicon single-crystal substrate, whose 
dopant concentration is not higher than the maxi- 
mum solubility of the dopant in silicon and whose ss 
resistivity is not higher than 0.01 O • cm. 
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Claims 1 to 5. characterized in that said heat treat- 
ment is vapor-phase growth of a silicon single-crys- 
tal thin film on a silicon single-crystal sut>strate. 

A radiant heating device comprising at least a reac- 
tion container for accommodating an object to be 
heat-treated, a radiant heating lamp for heating the 
object, a radiation thermometer for detecting the 
temperature of the object, and a temperature con- 
troller for regulating power fed to the radiant heating 
lamp such that the temperature detected with the 
radiation thermometer becomes equal to a previ- 
ously inputted set temperature, characterized in 
that 

the dopant concentration or resistivity of the 
object is inputted in advance to said tempera- 
ture controller and said controller calculates an 
actual temperature of the object by correcting 
and computing the temperature of the object 
detected with said radiation thermometer in 
accordance with the dopant concentration or 
resistivity of the object and controls the temper- 
ature of the object based on the calculated 
temperature value. 

A radiant heating device comprising at least a reac- 
tion container for accommodating an object to be 
heat-treated, a radiant heating lamp for heating the 
object, a radiation thermometer for detecting the 
temperature of the object, and a temperature con- 
troller for regulating power fed to the radiant heating 
lanp such tiiat the temperature detected with the 
radiation thermometer becomes equal to a previ- 
ously inputted set temperature, characterized in 
that 

said radiation ttiermometer is adapted to calcu- 
late an actual temperature of the object by cor- 
recting and computing the temperature of the 
object detected with said radiation ttiermome- 
ter in accordance with the dopant concentra- 
tion or resistivity of the object inputted in 
advance to said radiation thermometer and to 
output the calculated temperature value to the 
tennperature controller. 



6. A heat-treating method according to any one of 
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